Materials. Reagents were purchased from commercial sources and used as received, without any further purification. Compounds methyl p -tolyl sulfide, 4 -chlorothioanisole and formaldehyde were purchased from Fluorochem, Alfa Aesar and Scharlab respectively, while the rest of the compounds were purchased from Sigma -Aldrich. Solvents were purchased from SDS and Scharlab, purified and dried by passing through an activated alumina purification system and stored in an anaerobic glovebox under N2.
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the studied substrate and by plotting the logarithm of the rate corrected for the number of CH contained in each substrate (Figure S11 ). Figure S7 and Table S1 . Spectroscopic properties (EPR, top and Mossbauer, bottom) of iron species resulting from reaction of 1 (IV) =NTs (left panels) and 2 (IV) =NTs (right panels) with p -MeO PhSMe. Black S13 hatched bars: experimental spectrum, blue line Fe II contribution, red line Fe III contribution. Table S1 collects the corresponding spectroscopic parameters. The procedure described before, and adopted to analyze the reaction kinetic in presence of different CH substrates and concentrations, was also applied to study DHA-d4. The profiles observed are shown in Figure 9 C and D of the main manuscript and the corresponding k(s -1 ) and Keq(M -1 ) values reported in Table S2 . S15 Table S2 . k(s -1 ) and Keq(M -1 ) values for the reaction of 1 (IV) =NTs and 2 (IV) =NTs with DHA and DH4-d4. The reaction of 1 (IV) =NTs with DHA was also studied in acetonitrile. The results obtained are represented in Figure S12 and the k(s -1 ) and Keq(M -1 ) values reported in Table S3 . Table S4 : Selected EXAFS fits for , 1 (III) -NHTs. Fits carried out in r-space (k = 2-12.0 Å -1 ; r = 1-3 Å) with a Hanning window (dk 2), a k-weight = 3 and S0 = 0.9. Bond distances and disorder parameters (reff and  2 ) were allowed to float having initial values of 0.0 Å and 0.003 Å 2 respectively, with a universal E0 and E0 = 0 eV. (Fits highlighted in blue are the best models;  2 reported as x10 3 Å 2 ). with a Hanning window (dk 2), a k-weight = 3 and S0 = 0.9. Bond distances and disorder parameters (reff and  2 ) were allowed to float having initial values of 0.0 Å and 0.003 Å 2 respectively, with a universal E0 and E0 = 0 eV. (Fits highlighted in blue are the best models;  2 reported as x10 3 Å 2 ). Table S6 : Selected EXAFS fits for , 1 (IV) -NTs. Fits carried out in r-space (k = 2-12.5 Å -1 ; r = 1-3 Å) with a Hanning window (dk 2), a k-weight = 3 and S0 = 0.9. Bond distances and disorder parameters (reff and  2 ) were allowed to float having initial values of 0.0 Å and 0.003 Å 2 respectively, with a universal E0 and E0 = 0 eV. (Fits highlighted in blue are the best models;  2 reported as x10 3 Å 2 ).
(IV) =NTs 2 (IV) =NTs
2-12.0 1-3 5 0.016 32.0 -2(1) 1 1.84(1) 6(1) 5 1.99(1) 6(1) 7 2.87(2) 6(1) 3 3.12(3) 6(1) 18 3.25(3) 6(1) *Although EXAFS can not differentiate between O/N/C scattering paths, chemical intuition was used for description to facilitate comparison with a Hanning window (dk 2), a k-weight = 3 and S0 = 0.9. Bond distances and disorder parameters (reff and  2 ) were allowed to float having initial values of 0.0 Å and 0.003 Å 2 respectively, with a universal E0 and E0 = 0 eV. (Fits highlighted in blue are the best models;  2 reported as x10 3 Å 2 ).
Figure S13
: Non-phase shift corrected Fourier transforms for 1 (III) =NHTs (left) and 2 (III) =NHTs (right) with insets showing the k -space data and fits. Experimental data are shown in black and fits in red. 
Computational details
The geometries of the Fe(III) and Fe(IV) structures were optimized at the DFT level B3LYP and 6-311G** 6d basis set for all atoms using the Gaussian09 program. 12 The solvation effect of acetonitrile was introduced in geometry optimizations and energy through the IEFPCM-SMD polarizable continuum model. 13 Dispersion effects were also included using the Grimme D3 correction. 14 
where H(R  ) and H(X  ) and H(R-X) are enthalpies of the radicals and the molecule.
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The standard dissociation free energy change between an acid (AH) and its conjugate base (A -) in aqueous (ΔG*) may be expressed as: [8] ∆G where G(AH aq ) and G(A aq − ) are standard free energies of the acid and its conjugate base in aqueous media, respectively. The G(H aq + ) is the free energy of the proton in acetonitrile, obtained from the experimental solvation free energy (∆G solv H+ = −260.2 kcal · mol −1 ) and its gas-phase free energy (G(H gas + ) = −6.3 kcal · mol −1 ). ∆G o/ * is the free energy change associated with the conversion from a standard state of 1 M in the aqueous phase and 1 atm in gas phase, to the desired concentration in both phases. ∆G * values are derived with the following expression:
where R is the universal gas constant (1.987 cal·mol -1 ·K -1 ), T is the temperature in Kelvin and c the concentration in mol·L -1 .
The standard one electron redox potentials relative to the SHE electrode were calculated by:
where ∆G 0 is the standard free energy change associated with the reduction reaction, F is the Faraday constant (23.061 kcal·mol -1 V -1 ) and ∆ . is the free energy change associated with the proton reduction to H2 (-4.24 eV). The ∆ . value was derived using the Fermi-Dirac statistics for the treatment of electron thermodynamics.
Property calculations and electronic structure:
The electronic structure and Mössbauer parameters were were explored with the ORCA software package. 16 Single point calculations on the above S22 optimized geometries were carried out using the B3LYP functional with a def2 -TZVP as well as a def2 -TZVP/J auxiliary basis set on all atoms. 17, 18 The calculations employed a dense integration grid (ORCA Grid 5 = Lebedev 434 points) along with the Grimme and coworkers DFT -D3BJ dispersion correction. 14, 19 . In addition solvent effects were included using a conductor like screening model (COSMO) using acetonitrile as solvent. 20 Mössbauer parameters were also calculated, but in order to allow comparison with previously calibrated approaches the B3LYP functional was employed together with expanded CP(PPP) basis set 21 on the iron, TZVP basis set on the remaining atoms and a COSMO model simulating an aqueous solution environment. 22 As such, the calculated isotropic shift was adjusted to a linear calibration line of the form A(p-C) + B where A is -0.366, B is 2.852 and C is 11810 and p is the electron density at the nucleus. 21, 22 Quadrupole splittings were taken from theoretical calculations as is. Similarly calculated vibrational frequencies were reported without further scaling. 
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